ecosystems. They are well represented in terms of species richness in all aquatic environments (BERASATEGUI et al. 2006) . However, copepod communities of the coastal region of Camamu Bay and the adjacent inner continental shelf have never been analyzed together.
In tropical oceans, community seasonal dynamics are difficult to identify and are much less marked than those in temperate aquatic ecosystems. The seasonal variations recorded in tropical and subtropical coastal regions are mainly determined by the local influence of the rainy and dry seasons and by regional oceanographic phenomena. These phenomena derive from singular or irregular events, in contrast to those in temperate and polar seas, where the variations of biomass during the year are more predictable (NYBAKKEN & BERTNESS 2005) .
The aim of this study was to describe the occurrence, patterns of abundance and the copepod assemblage on the inner shelf near Camamu Bay (Bahia, Brazil) as a function of depth, from data gathered over two seasons (wet and dry season 2004) . The results were compared with others in different coastal regions. The relationships of the copepods with environmental factors were also examined.
MATERIAL AND METHODS
The Camamu-Almada Basin, located on the coast of the south-central region of Bahia State, occupies an area of 22,900 km 2 up to the 3,000 m isobath. Its southern limit is the Jequitinhonha Basin, through the Alto de Olivença, and its northern limit lies at the Jacuípe Basin and the Recôncavo, through the transfer areas of Itapoá and Barra, respectively. The Camamu Basin, to the north, is separated from the Almada Basin by the Alto de Taipús (SOUZA & PETRERE-JR 2008) .
The climate of this region is humid tropical, with three dry months during the year (August, September and October). May is the wettest month, with a mean precipitation of 8.3 mm per day. September is the driest month, with a mean precipitation of 2.6 mm per day. The temperature varies from 23.7°C in the winter to 26.7°C during the summer (SOUZA & PETRERE-JR 2008) .
The study area contains a great diversity of ecosystems, such as sandbanks, beaches, mangroves, reefs, and gravel and mud bottoms. Each of these habitats possesses unique faunal and vegetation characteristics. Mangroves occupy the river margins, especially on the Boipeba and Tinharé islands, but also occur in other areas along the estuary. Some mangroves and sandbank areas showed signs of human occupation. This occupation allows some economic activities such as marine culture, but it also increases pollution from domestic waste (SOUZA & PETRERE-JR 2008) .
Camamu Bay is a tropical estuary in the Camamu-Almada basin. The bay is located between Garapuá (13º48.3'S, 38º91.7'W) and Maraú peninsula (14º10.0'S, 39ºW), 335 km south of the city of Salvador, in the state of Bahia. The bay is irregular, and contains numerous islands, the largest being Grande and Pequena islands in its center. This large body of water is surrounded by an extensive mangrove forest that occupies more than 40 km² (DE OLIVEIRA et al. 2002) .
The local population is dependent on the natural resources. The economic activity on the coast and its area of influence is diversified, ranging from mining to chemical and energy industries, extensive cattle ranches, and tourism. Cellulose, oil and natural gas, tourism, marine calcareous rock mining, and fishery and forestry industries all have high potential to impact the bay and adjacent ocean systems (MILANI et al. 2000) .
Sampling was carried out in the wet season, from 15 to 20 January 2004 during ebb and flood tide, and in the dry season, from 26 to 28 August 2004 during flood tide. Zooplankton samples were collected at 11 stations distributed along five transects perpendicular to the coast, located at the isobaths of 10 m (stations 2, 5, and 8), 30 m (stations 1, 3, 6, 9 and 11) and 50 m (stations 4, 7 and 10) (Fig. 1) . Rainfall data were made available by Dr. Andrelina L. dos Santos of the Agência Nacional de Águas (ANA).
The samples were collected during the day, by vertical hauls with a conical net of mesh size 200 µm and mouth diameter 60 cm, fitted with a calibrated flowmeter. Samples were preserved in 4% buffered formalin. The samples were divided into fractions with a Folsom Plankton Sample Splitter (MCEWEN et al. 1957) , and replicated subsamples containing at least 100 individuals were taken for analysis (FRONTIER 1981) . Copepods were identified to species level whenever possible, according to BJÖRNBERG (1981) , BRADFORD-GRIEVE et al. (1999) and DIAS & ARAUJO (2006) . Species composition and abundance were determined for all samples. Adults and copepodites were included in estimations of the total density of each species. The abundances were expressed as number of individuals per cubic meter (ind.m -3 ). Shannon's diversity index (SHANNON 1948 ) was calculated to evaluate the degree of organization of the copepod community, and evenness was calculated according to PIELOU (1977) .
All the specimens were deposited in the copepod collection of the Integrated Zooplankton and Ichthyoplankton Laboratory of the Federal University of Rio de Janeiro.
Water temperature and salinity were also determined, using a Hydrolab CTD (Quanta). Two depths were chosen in order to analyze these parameters: at the surface (0.5 m) and near the bottom (0.5 m above the bottom), which cover the area sampled by net.
The paired-sample Student's t test was used to determine statistical differences between the two sample series (wet and dry season). Analysis of variance (ANOVA) was used at a significance level of p = 0.05 to identify statistical differences among the sampling stations and between the sampling periods. All data were evaluated for normality and homogeneity prior to analysis. The post-hoc test was used to identify the differences among the collections when statistical differences were found.
A multivariate numerical classification technique was used to classify stations into groups with different copepod community structure. The species-by-sampling-site matrix, for species with occurrences higher than 5%, was analyzed using cluster analysis (CLARKE & WARWICK 1994) . Hierarchical agglomerative clustering was carried out using the Bray-Curtis similarity index coupled with group average linkage, to produce a dendrogram depicting clusters of stations based on their biological composition. This technique has proved appropriate for delineating groups with distinct community structure in a large number of ecological studies (CLARKE & WARWICK 1994) . Analysis of similarity (ANOSIM) was used to test if the sampling year showed significant differences in its copepod assemblage structure. The SIM-PER test (similarity percentages) was then used to identify the species that most contributed to similarities within groups.
Correlation between the total copepod density and environmental variables (temperature and salinity at the surface and near the bottom) was estimated using the Pearson r-index.
RESULTS

Environmental data
Three water masses were recognized on the inner shelf adjacent to the coastal system of Camamu Bay: Tropical Water (TW -temperatures > 20.0°C and salinities > 36.0), Mixed Water (MW -temperatures > 20.0°C and salinities from 34.5 to 36.0), and Coastal Water (CW -temperatures > 20.0°C and salinities < 34.5) (Tab. I). The Mixed Water (MW) is the result of mixing of the Tropical Water (TW) and continental drainage (Coastal Water -CW).
The hydrographic parameters differed between the cruises (wet and dry season 2004). Analyzing the depths, during the wet season the highest temperatures and the lowest salinities were recorded, with a mean temperature at the surface of Based on ANOVA (p < 0.05), water temperature differed among the samples taken in the two depths. During the survey period, water temperature was highest at the surface during both cruises. Water temperature ranged between 26.3ºC (station 8) and 27.3ºC (station 2) at the surface, and 25.3ºC (station 4) and 27.7 º C (station 11) near the bottom in the wet season. During the dry season, water temperature ranged between 25ºC (stations 1, 8 and 9) and 26.3 º C (station 2) at the surface, and 24.4ºC (station 4) and 25.2 º C (stations 5 and 8) near the bottom (Tab. I).
Salinity was lower at the surface than near the bottom during both cruises. During the wet season, salinity varied less widely between the stations at the surface (6.9) than near the bottom (10.6). In general, the higher salinities (Tropical Water, TW > 36) were found in the north (station 1 at the surface, station 2 at both depths and station 4 near the bottom) and the south (station 11 at the surface) of Camamu Bay. Water salinity was homogeneous during the dry season, when it ranged between 35.2 (stations 1 and 5) and 35.8 (station 11) at the surface, and between 35.5 (station 5) and 36.6 (station 4) near the bottom (Tab. I). 
The copepod assemblages
Copepods were the predominant group of zooplankton in the study area in terms of species diversity and numerical abundance, comprising 92% of the total zooplankton. Total density of copepods was significantly higher during the dry season (p < 0.05). In the wet season, the maximum copepod abundance was 7.473 ind.m -3 at station 8, near Barra Grande at the entrance of Camamu Bay, and the lowest was below 800 ind.m -3 at stations 7 and 11, in the adjacent inner shelf (Figs 2 and 3 (Figs 4-11) . The zooplankton composition was relatively homogeneous, with these species constituting more than 55% of the total density during both sampling periods. In the wet season, 36 species were found. The assemblage was dominated by eight species: P. quasimodo, Euchaeta marina (Prestandrea, 1833), N. minor, C. furcatus, Undinula vulgaris vulgaris (Dana, 1849), T. stylifera, Oncaea venusta Philipp, 1843 and O. similis. The genera Paracalanus and Temora dominated, accounting for 36% of the total copepod abundance (Tab. II). Paracalanus quasimodo was the most dominant species in the coastal system, constituting 31% of the total copepod abundance. This species was the dominant estuarine-coastal copepod at the stations located on the 10-m isobath (stations 2, 5, and 8). Another estuarine-coastal species, Calanopia americana F. Dahl, 1894, was abundant at station 11, on the 30-m isobath. The marine-euryhaline C. furcatus was abundant at stations located on the 50-m isobath (stations 7 and 10), E. marina on the 30-m isobath (stations 1, 3, 6), and N. minor at the 30-m isobath (station 9) and the 50-m isobath (station 4). Other marine-euryhaline copepods such as U. vulgaris vulgaris, O. similis, O. venusta and T. stylifera were abundant at stations located along the 30-m isobath.
In the dry season, fewer species (30) were recorded. This assemblage was dominated by P. quasimodo, which comprised up to 20% of the total copepod abundance, followed by T. turbinata, C. giesbrechti, S. pileatus, C. furcatus, O. similis, Paracalanus aculeatus Giesbrecht, 1888, T. stylifera, C. americana and Centropages velificatus (Oliveira, 1947) , representing more than 76% of the total copepod numbers (Tab. II). The family Paracalanidae occurred at all 11 sampling stations. Paracalanus quasimodo and T. turbinata were mainly abundant at stations 8 (near Barra Grande) and 2 (near Boipeba) located on the 10-m isobath. Subeucalanus pileatus was abundant at stations 3 to 6 on the Boipeba and Pratigi transects located north of Camamu Bay. Clausocalanus furcatus was abundant at the 30-m (station 11) and 50-m (station 7) isobaths. Oithona similis was abundant at the stations on the 30-m (station 1) and 50-m (stations 9 and 10) isobaths. Other copepods such as C. americana (estuarine-coastal), T. stylifera, C. velificatus (coastal-marine), and P. aculeatus (marine-euryhaline) were abundant at the stations along the 30-m isobath. The marine-euryhaline C. giesbrechti was abundant along the 10-m isobath.
Cluster analysis indicated the formation of station groups in both cruises, at a 55% similarity level. The spatial distribution of these groups indicated three, clearly separated faunistic areas: A) comprising the samples located at the isobaths of 10 m (stations 2, 5) and 30 m (stations 3, 6) near the entrance of Camamu Bay, during the wet season; B) comprising the samples located at the isobaths of 30 (stations 1, 9 and 11) and 50 m (stations 4, 7 and 10), during the wet season; and C) comprising the samples collected during the dry season, mainly (Fig.  12) . Multi-dimensional scaling was used in order to reveal if species density variation was an important factor determining changes in the copepod assemblage. Results from pairwise tests of ANOSIM for the sampling periods demonstrated that samples that were separated by different copepod assemblages were all significantly different from each other (significance level of sample statistic = 0.1% and global R = 0.77).
The group A assemblage encompassed the stations located near the entrance of Camamu Bay at the 10-and 30-m isobaths, during the wet season. This had the lowest salinities (30.7) and high temperatures (> 27ºC), at the surface, which is mainly characteristic of the CW. Eight species accounted for Group B consisted of stations located on the inner shelf (30-and 50-m isobaths) adjacent to Camamu Bay, during the wet season. In this area, the MW and TW affected the water conditions. C. furcatus (13%), P. quasimodo and O. venusta (11%), N. minor (10%), U. vulgaris vulgaris and T. stylifera (9%), O. similis and Farranula gracilis (Dana, 1849) (7%), and Corycaeus speciosus Dana, 1849 and Macrosetella gracilis (Dana, 1847) (5%) were the main species responsible for the delimitation of this group of stations, accounting for 82% of internal similarities. During the wet season, temperatures (surface r = -0.45, and near the bottom r = -0.37; p < 0.005) were negatively correlated with density.
In station group C, the samples were collected during the dry season, with the occurrence of the MW and TW during the flood tide at all sampling stations. Temperature (r = 0.70; p < 0.005) and salinity (r = 0.78; p < 0.005) near the bottom were significantly correlated with density, reflecting the pattern of occurrence of the highest temperatures and salinity in the dry season. Twelve species accounted for 84% of similarity in this group, namely S. pileatus (14%); P. quasimodo and C. velificatus (11%); O. similis, C. giesbrechti and T. stylifera (9%); C. furcatus (6%); O. venusta, T. turbinata and P. aculeatus (5%); U. vulgaris vulgaris (4%) and N. minor (3%).
The copepods on the inner shelf adjacent to Camamu Bay can be classified according to their habitat, as follows.
Estuarine-coastal assemblage: these species are adapted to a wide temperature range and low-salinity waters. Only a few species typical of this assemblage were found in these waters. Representative species included Acartia lilljeborgi Giesbrecht, 1889, P. quasimodo, Pseudodiaptomus acutus (F. Dahl, 1894), C. americana and Euterpina acutifrons (Dana, 1847 Copepod taxa richness showed fluctuations. Species richness ranged from 10 at station 2 to 16 at stations 3, 4, 6 and 7 in the wet season, and from 6 at station 2 to 18 at station 10 in the dry season (Fig. 13) . In general, species richness was highest at the stations on the 30-and 50-m isobaths. The diversity index (H') varied between 1.21 at station 2 (10-m isobath) to 3.61 at station 11 (30-m isobath) in the wet season, and between 1.88 at station 8 (10-m isobath) to 3.75 at station 11 (30-m isobath) in the dry season. The diversity index at station 11 in the cruises was high, and more species were recorded at this station than at the other stations. The lowest evenness (J) (0.36 in the wet season and 0.59 in the dry season) was found at stations 2 and 8 located on the 10-m isobath), and the highest evenness (0.92 in the wet season and 0.93 in the dry season) was recorded at stations 11 (30-m isobath) and 4 (50-m isobath). Both species richness and diversity increased on the inner shelf adjacent to Camamu Bay at the 30-and 50-m isobaths in both sampling periods, suggesting that most species were oceanic in origin.
denced by the presence of the Mixed Water (MW), during the dry season. In this sampling period, the MW dominated at the surface and the TW near the bottom. The continental influence was more evident during the wet season, perhaps because all the sampling was carried during flood tide. The MW and TW were recorded at the surface and near the bottom in the wet season as well. The SACW was not recorded in this study: water temperature remained high (> 24.4ºC) .
On the inner continental shelf adjacent to the coastal system of Camamu Bay, significant temporal differences were observed between the two cruises. Copepod abundance was higher in the dry than in the wet season. Environmental stability, characterized by slight variation in salinity and temperature, was correlated with the higher abundance during the dry season, with the presence of the MW and TW in the region.
As was expected, in both cruises, the density of copepods as a function of depth separated the stations. In both cruises, station 8 (near Barra Grande) showed the highest density. This station was located near the entrance of Camamu Bay, at the 10-m isobath. The lowest densities were recorded at stations along the 30-and 50-m isobaths. The highest densities observed in the bay and at the 10-m isobath reflect the typical coastocean gradient observed on the Brazilian coast and on coasts worldwide. The bay and coastal region are enriched by continental outflow from rivers and leaching during flood tide, which provide nutrients to the marine ecosystem. These nutrients increase productivity in the system through growth of phytoplankton, which in turn favors the majority of the species of mesozooplankton, which typically are herbivores or omnivores (NYBAKKEN & BERTNESS 2005) .
Copepods were the dominant zooplankters in the study area. The majority of the copepod species found in this study are typical for the TW (69%), mainly in the dry season and at flood tide. BJÖRNBERG (1981) and BRADFORD-GRIEVE et al. (1999) described this dominance in TW in the Southwest Atlantic.
The dominance of the copepods changed between the cruises, and it was influenced by the water masses present in the area. The copepod assemblage contained a mixture of neritic and oceanic species. Only the estuarine-coastal P. quasimodo, the coastal-tropical T. stylifera and O. similis, and the tropical C. furcatus were abundant during both cruises (wet and dry seasons). Some species showed a clear seasonal distribution, according to temperature and salinity range. For instance, S. pileatus, T. turbinata, C. americana, C. velificatus and P. aculeatus were all more abundant during the dry season. Some cold-water species occurred in the area, although the South Atlantic Central Water (SACW) was not observed in the region during the sampling period. Species such as H. papilliger, typical of the SACW, occurred in low abundance at a station on the 50-m isobath during the wet season. The presence of this species during this season may indicate that it penetrates onto the shelf only during an upwelling period, and disappears after the upwelled water warms. This process was observed off Cabo Frio
DISCUSSION
Camamu Bay is located on the northeast coast of Brazil, where it is influenced by the warm, nutrient-poor water of the Brazil Current (BRANDINI et al. 1997) . Water from several rivers reduces the salinity and the natural eutrophication of the bay.
The shelf and open ocean off northeast Brazil is largely affected by two water masses: the Tropical (TW) and the South Atlantic Central Waters (SACW) (NEUMANN-LEITÃO et al. 1999) . In this study, the continental influence was evidenced in the wet season. The Coastal Water (CW) of Camamu Bay was observed over the continental shelf during the wet season. The continental influence on the spatial distribution of salinity was evi- on the coast of Rio de Janeiro, Brazil, by LOPES et al. (1999) .
Temora turbinata is a marine-euryhaline species that occurs mostly in areas with high salinities (LOPES et al. 1998) . It is an introduced species in Brazilian coastal waters, and the first record was reported by ARAÚJO & MONTÚ (1993) in the estuarine region of northeast Brazil. MUXAGATA & GLOEDEN (1995) , LOPES et al. (1999) and SCHUTZE & BJÖRNBERG (2002) recorded this species in south, southeast and northeast Brazil. The replacement of the native species T. stylifera by the T. turbinata on the Brazilian coast was described by ARA (2002) . Also according to this author, the high production of T. turbinata (P/B ratio) explains its greater abundance in relation to the native species.
A distinct range of thermohaline requirements was associated with the occurrence of the two species of Temora. Temora turbinata occurred during the wet season, at only one station located south of Camamu Bay. This species occurred in higher concentrations (> 900 ind.m -3 ), with low ranges both of temperature (25.0-26.3ºC) and salinity (35.3-35.5 ) in the MW. Temora stylifera occurred in both sampling periods, with low densities (< 500 ind.m -3 ) in all three water masses. The seasonal occurrence of these species may represent a strategy to favor their coexistence. The lower tolerance of T. stylifera to variations in salinity, compared with T. turbinata, makes it less competitive in coastal and estuarine waters than the invasive species. This coexistence has been reported in other regions along the Brazilian coast (ESKINAZI-SANT' ANNA & BJÖRNBERG 2006 , RESGALLA JR et al. 2008 .
The new occurrence of E. paraconcinna in the area is only the second record in Brazilian waters; the species was previously recorded off northern Brazil (state of Maranhão). Euchaeta paraconcinna has a tropical-subtropical distribution and mesopelagic habit (DIAS & BONECKER 2006) . In the study area, it occurred to the south on the adjacent inner shelf near Camamu Bay, at the 30-m isobath.
The local copepod assemblage is characterized by high biodiversity at the stations located on the 30-and 50-m isobaths, with high densities occurring during the dry season mainly at the stations located on the 10-m isobaths. The copepod assemblage on the inner continental shelf adjacent to the coastal system of Camamu Bay showed a prevalence of the same species as those which occur in the main tropical coastal waters off the Brazilian coast (NEUMANN-LEITÃO et al. 1999 , ESKINAZI-SANT'ANNA & BJÖRNBERG 2006 . The dominant copepod P. quasimodo is an estuarine-coastal species which is common on the Brazilian southeastern coast (STERZA & LOUREIRO FERNANDES 2006 , DIAS & BONECKER 2008a . The narrow shelf allows interaction between the coastal and oceanic communities, which are influenced by the environmental parameters of temperature and salinity.
